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SENSITIVITY OF STRESS AND BOUNDARY
IMPERFECTION OF DIELECTRIC RESONATOR DISKS

P.C.Y. Lee
Department of Civil Engineering & Operations Research

Princeton University
Princeton, NJ 08544

1. STATEMENT OF THE PROBLEM STUDIED

The purpose of the proposed research is to investigate the changes in
the resonance frequencies of circular dielectric resonators (1) when the disks
are subjected to applied forces or accelerations, anc¢ (2) when the disk
boundary contains imperfections.

In dielectric resonators, the applied forces produce stress distributions
which, in turn, influence the change in the dielectric impermeability tensor
by the piezooptic effect, and hence, cause the changes in wave speed and
shifts in resonances. '

The imperfections of the disk boundary alter the directions of the
boundary normals from being in the radial direction, and, hence, cause the
changes in the directions and magnitudes of the reflected and refracted EM
waves at the interface. Consequently these imperfections result in the
changes of mode shapes and frequencies-shift.

. We propose to study the sensitivity of frequency-shift by perturbation
methods: by the volume perturbation for the stress effect and by boundary
perturbation for the effect of boundary imperfection.

A number of important parameters such as the types of forces,
conditions of supports, and functions representing boundary imperfection,
will be included in the computation for a systematic study of the resonator's
sensitivity.

It is hoped that a clear understanding of the effect of each individual or
combinations of these parameters will reveal the means to reduce the
sensitivity to a minimum. Hence, the research results should be useful for the
"~ engineering designs of stable dielectric resonators against force and
acceleration bias.
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II. SUMMARY QOF THE MOST IMPORTANT RESULTS

Two-dimensional governing equations for guided electromagnetic

waves in isotropic or cubic crystal dielectric platesl are extended to
include the piezo-optic effect in the constitutive equations. These
equations are then employed to study the frequency shifts of transverse
electric modes caused by stresses in circular disk dielectric resonators
under three cases of loading conditions: (1) a pair of diametral forces,
(2) steady vertical acceleration, and (3) steady horizontal acceleration.
In the latter two cascs, the bottom face of the disk is bounded to a rigid
supporting base (See I1I-1).

The stress and acceleration effects on the EM resonances of both the
transverse electric (TE) and the transverse magnetic (TM) modes in
circular disk dielectric resonators are studied by applying a
perturbation method to the three-dimensional Maxwell's equations and
by the use of the recently obtained closed Yorm two-dimensional

solutions of the free vibrations2 as the approximate solution of the zero-
order perturbation (See I1I-2). .

A system of two-dimensional governing equations for guided EM waves
in the general anisotropic dielectric plates has been derived and
" dispersion relations computed from these 2-D equations are compared

with those3 obtained from the 3-D Maxwell's equations (See III-3).
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